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ABSTRACT

Product usability is a product quality that ensures efficient and effective products which satisfy users.
In spite of the many usability techniques that are available many users still experience usability
problems when using electronic products. In this paper we present two studies that explore the
(mis)match between the types of uncertainty addressed by existing usability techniques and the types
of uncertainty in the product development process that can eventually result in usability problems. To
explore this (mis)match, two studies are presented. The first study is to discover which usability
techniques are used in practice to retrieve usability information to address the different types of
uncertainty. The second study is a case study in product development practice which explores the
types of uncertainty that causes the usability problems of a specific product. The overall contribution
of this paper is that it offers greater insight into how usability techniques (do not) address uncertainty
in the product development process.

Keywords: Usability, Usability Techniques, Usability Problems, Decision-Making, Uncertainty,
Awareness.

1 INTRODUCTION

Product development has changed rapidly over the last few decades. One of these changes is that
consumer electronic products have become exponentially more complex [1], not only because of the
increasing number of features but also because of the increasing product adaptability [2]. When
developing innovative products many new and unknown aspects come into play, resulting in a
significant lack of (usability) information. This lacking information is defined as uncertainty [3]. An
important and obvious solution for reducing usability uncertainty in the product development process
(PDP) is retrieving the relevant and required usability information [4], which also improves the quality
of the decision [5] and thus prevents usability problems. Many good and useful usability techniques
are available at the various phases of the PDP to retrieve usability information [6], [7], [8]. However,
despite the many available usability techniques users still experience usability problems when using
electronic products [9], [10], [11].

One possible explanation for this situation is that these usability techniques are not adequate to address
the different types of uncertainty in the PDP. To explore this idea the following research question is
defined: “Is there a (mis)match between the types of uncertainty that existing usability techniques
address and the types of uncertainty that can result in usability problems?”’.

Uncertainty is conceptualized in various ways [4], [12], [13]. For the purpose of this paper we
distinguished from literature two types of uncertainty; ‘unaware’ and ‘aware’. Unaware uncertainty is
when the product developer has not perceived or foreseen the effects of a decision on usability.
‘Aware’ uncertainty is where the usability variables and values on which to base a decision are known
[14], [15], [16].

These two types of uncertainty can be further specified as to the degree of uncertainty. For example
the uncertainty is high when risk cannot be defined because of unknown usability variables [12]. A
medium degree of uncertainty is when probability distribution is unknown [17] - in other words, the
value of the usability variable is unknown. The degree of uncertainty is low when the usability
variables and values are known and only the interaction between them is unknown [12], [13],[18]. The
types and degree of uncertainty are illustrated in Figure 1 the degree of uncertainty is structured to an
ordinal scale.
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Figure 1: Types of Uncertainty

Exploring the (mis)match between the type of uncertainty that existing usability techniques address
and the type of uncertainty that can result in usability problems is important to clarify the issue of why
usability problems still occur. A better understanding of how usability techniques (do not) address
uncertainty in the PDP will make it possible to define future research directions into addressing
uncertainty to improve usability decision-making. The present research is part of a larger usability
research project on which various researchers work.

To explore the (mis)match two studies are presented in the following structure. The first study is to
discover which usability techniques are used in practice to retrieve usability information to address the
different types of uncertainty. The second study describes a case study in product development
practice which explores which types of uncertainty caused the usability problems of a specific product.
Following this, the results of both studies are discussed to describe the (mis)match. Lastly, the paper
presents conclusions and suggestions for future research.

2 STUDY 1 - CATEGORISING USABILITY TECHNIQUES

This section describes how usability techniques are categorised to the different types of uncertainty; in
order to define which usability techniques are used in practice to address the different types of
usability uncertainty. To be able to categorise the usability techniques to the different types of
uncertainty, a clear list of usability techniques is created. Subsequently an intermediate step is
required, namely mapping the usability techniques on a framework. This is done, because categorising
the usability techniques directly to the types of uncertainty causes difficulties. Via this framework the
usability techniques are categorised to the uncertainty types. This categorisation procedure is first
verified in a pilot study with 5 usability professionals, followed by a much larger study with 25
professionals. All the professionals are working in the field of product development and are familiar
with the application of usability techniques during their daily work to gain usability information to
support their decision making processes.

2.1 Procedure of mapping usability techniques to framework

The list of available usability methods and techniques from literature, e.g. [7], [8] and internet [19] is
enormous and of a wide variety. To create a consistent list of usability techniques we first
distinguished the usability methods from the usability techniques. Methods structure the design
process, they describe on an abstract level how to organise this process. On the other hand usability
techniques are a description of how to execute specific tasks, more like a recipe [20]. Usability
techniques can be used to collect required information to support the developer in making proper
usability decisions. Unfortunately the terms ‘methods’ and ‘techniques’ are often used
interchangeably. So in this paper, we distinguish the techniques from the methods by judging their
level of application; when it can be used directly by the developer to obtain usability information it is
labelled as a technique. Secondly, the list of usability techniques was filtered on similar techniques
with different names. For example the technigque ‘guideline evaluation’ and ‘heuristics’ are essentially
the same but are named differently and in this study ‘heuristics’ will be used. The same applies for



other similar techniques. These two actions resulted in a clear list of 46 commonly used usability
techniques®.

An attempt to categorise the usability techniques from this list to the different types of uncertainty
(Figure 1) immediately posed difficulties. Several techniques could be used in different phases and
with different purposes resulting in different usability information. To prevent this ambiguity of the
interpretation of a technique, a framework (Figure 2) is used to interpret the usability techniques in a
unique way. Mapping usability techniques on the framework by the professional is an intermediate
step before categorising the usability techniques to the different types of uncertainty. The usability
techniques are mapped on the framework according to their goal and their application phase in the
design process as used by the professional during the project. The framework is not meant to create a
consistent categorisation of all usability techniques. Mapping the technique to its specific goal is done
because the same technique can be used to obtain different types of information, depending on the
goal of the developer. For example, the technique ‘user observation’ can be used to obtain information
about: who the user is, how he is using the product, how he is experiencing the product, etc..

DESIGN INPUT DESIGN EVALUATION
know the know the know the empirical analytic
users user tasks context review review
DESIGN PHASE
ANALYSIS
IDEA & CONCEPT
DETAILING

IMPLEMENTING

Figure 2: Framework for usability techniques in product development

A technique may therefore have several goals, addressing different types or degrees of uncertainty.
The goals can be first distinguished between design input goals (acquiring information for design) and
design evaluation goals (getting feedback on the product design). Design input can be subdivided into
three items (left three columns in Figure 2): user characteristics, user tasks and context of use [21].
Design evaluation can be subdivided into two items (right two columns in): empirical review (user
feedback) and analytic review (expert feedback) (right two columns in Figure 2).

The second mapping action is to organise the techniques according to their phase of application in the
design. A focus group at the beginning of the design process will provide other information than a
focus group at the end of the design process. Therefore, the organisation of techniques according to the
phase of application is necessary. Based on a commonly accepted description, the design process can
be roughly divided into the following four phases (four rows in Figure 2): analysis, idea and concept,
detailing and implementing [22]. In the analysis phase, the problem is analyses and the requirements
are set. The idea and concept phase generates product solutions. In the detailing phase all the product
details are specified and in the implementation phase the products are prepared for production. This
framework is intended to create an unambiguous starting point to categorise the in practice used
usability techniques to the types of uncertainty.

! This list of 46 usability techniques is available via the first author.



2.2 Procedure of categorising usability techniques
This section describes how usability techniques are categorised to the types of uncertainty. Within the
procedure the ‘closed card sorting’ technique is used [23]. By the application of this technique the
usability techniques are categorised via the framework to the types of uncertainty through four actions.
These actions are performed by each usability professional:

1) Select the known usability techniques from the 46 cards

2) Select from the known techniques those usability techniques that are often used by them

3) Map the usability techniques on the framework

4) Categorise the mapped techniques to the types of uncertainty

The usability professionals are selected based on their industrial work experience in the field of
product development and their involvement in applying usability techniques in the product
development process. Each professional has to perform the four mentioned actions which will be
briefly explained. The first action is to select the usability techniques known by the professional from
the 46 given cards. This is done to exclude those techniques unknown to the professional, to prevent
personal interpretation of the techniques. Action two is done to select the usability techniques that are
actually used by the professional in the field of product development. The professional was allowed to
select a maximum of 10 cards for time management reasons and to limit the cognitive load during the
study. The third action is mapping the selected cards on the framework (Figure 2). Each technique can
be categorised more than once, because a technique can be used for various purposes (goals) and in
various phases. If the professional wanted to map the usability technique to various categories, more
(numbered) cards of the same techniques were provided. Mapping the usability techniques on the
framework made clear how the professional interprets the usability technique. The last action
professionals have to take is to categorise the usability techniques from the framework to the types of
uncertainty. Next to the types overview there is a section ‘not applicable’ in case the professional is
not able to categorise the technique to the types of uncertainty.

The last two steps are illustrated by an example. The card with the usability technique ‘interview’ is
placed in the category ‘analysis’ and ‘know the user’. This technique is also placed in the category
‘implementing’ and ‘empirical review’. The framework category is remembered when mapping the
cards on the uncertainty scale. The first card “interview’ is assigned to ‘high uncertainty’. The second
card, based on its framework category is assigned to ‘low uncertainty’. The reference to the
framework category when mapping the card on the uncertainty scale is essential in the last step.

2.3 Pilot study

To verify whether the described procedure for categorising usability techniques is a suitable way of
categorising, an initial pilot study is performed. Within this pilot study it is also verified whether the
proposed framework (Figure 2) is indeed an unambiguous starting point to categorise the usability
techniques to the types of uncertainty.

The five professionals (all trained in usability engineering) are currently working or have worked in a
product development team, have had 3 to 20 years of industrial work experience and were familiar
with using usability techniques within the product development process. All professionals were able to
map all selected usability techniques in the framework and to categorise them to uncertainty types. No
usability techniques were placed in the section ‘not applicable’.

This pilot study shows that usability professionals are able to categorise the usability techniques to the
types of uncertainty by defining the usability techniques in an unambiguous way via the framework
using the four step procedure. No discussions or questions arose during the last step, so goal and phase
were sufficient indicators to interpret the techniques in a unique way.

2.4 Study 1 — Results and Conclusions

The pilot study showed that the four step procedure for categorising usability techniques to the types
of uncertainty via the framework is an unambiguous way of categorising. The four step procedure is
also used for a larger group of professionals with the purpose of relating the usability techniques to the
types of uncertainty during decision-making in the development process. So, in this study, it is not the



issue how the usability techniques could or should be used, but how the usability techniques are used
in product development practice.

This larger study involved 25 professionals from the product development field, all of them trained in
usability engineering. The professionals were familiar with using usability techniques within their
current function as product designer, graphic designer, interaction designer or usability engineer. In
step two every professional selected about 10 cards with usability techniques which they used within
recent projects. These selected techniques were categorised in the framework in step three. Finally, the
techniques were categorised to the types of uncertainty.

Which specific usability techniques were selected is outside the scope of this paper. Therefore the
results of this categorisation process to the types of uncertainty are visualised by the percentage of
selected usability techniques to the type and degree of uncertainty.

The results provided by all 25 professionals who categorised their usability techniques to the type and
degree of uncertainty are presented in Figure 3. This figure shows the percentage of cards which were
distributed between the types and degree of uncertainty. Unaware cannot be specified to the degree of
uncertainty as they are unaware of it.
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Figure 3: Usability techniques categorised to types and degree of uncertainty

Each professional could map the selected techniques more than once in the framework. Therefore the
total number of cards mapped on the framework is 683. Of these 683 cards, 557 cards are categorised
to ‘aware’ and only four cards are categorised to ‘unaware’. The 557 selected cards with usability
techniques are almost equally divided between the degrees of uncertainty. 181 (27%) usability
techniques address high uncertainty, 191 (28%) address medium uncertainty and 185 (27%) address
low uncertainty. The professionals also put cards next to low uncertainty in case they used usability
techniques to verify the design, to confirm that the made decisions are correct. So, 122 (18%) cards are
related to a very low degree of uncertainty.

It can be concluded from the exploration in study 1 that, the in practice used usability techniques
mainly address the type of uncertainty; ‘aware’. The used techniques evenly address the different
degrees of uncertainty. The type of uncertainty ‘unaware’ is not addressed with the used usability
techniques.

3 STUDY 2 - CATEGORISING USABILITY PROBLEMS

This third section presents a case study which is done to categorise specific usability problems to types
of uncertainty. This case study explores how usability problems result from uncertainty during
decision-making in the PDP, in order to categorise the usability problems to the different types of
uncertainty. Within this elaborate case study the situations of decision-making that resulted in usability
problems are traced back by retrospective interviews. These interviews are performed within a single
project team (14 team members) in a company that is considered best in class for consumer electronic



product development. Moreover, this company aims for products with good usability as mentioned in
their mission statement.

3.1 Procedure for categorising usability problems

This section describes the various aspects of the methodology for categorising the usability problems
to the different types of uncertainty. First, a case study at a company is selected. Second, a list of
usability problems of the selected product is composed. Third, the retrospective interviewing
technique which is described. Fourth, the results from the case study are processed and analysed and
finally these results are categorised to the different types of uncertainty. All five aspects will be
explained in the following sub-sections.

1) Selecting company and product
The empirical inquiry concerns one consumer electronic product with usability problems. The product
for the case study is selected according to the following criteria:
- To fit within the focus of the overall research, the product should be a consumer electronic
product.
- The product must be an innovative product, to assure that uncertainty is present during decision-
making.
- The company involved should aim for usable products and apply usability techniques.
- The product should suffer from usability problems; otherwise the relation between uncertainty en
usability problems cannot be explored.

2) Composing a list of usability problems

When a case study with the selected product is approved by the company, a list of usability problems
is generated. This list is based on internet statements by users, use tests and call centre feedback.
Internet statements on forums are used for a first indication of the existing usability problems. The use
tests are performed for a better understanding of the usability problems. The call centre feedback is
used for quantitative support. The selection procedure based on these three sources results in a non-
biased list of usability problems.

3) Interviewing

Within the approach of empirical inquiry the technique of retrospective interview is used to retrieve
information about lacking information during decision-making in the PDP. The retrospective
interviews are deployed to retrieve information about the finalised project in hindsight. The interviews
are semi-structured to ensure the possibility for the interviewee to recall information, to immediately
elaborate on the topic and to give the interviewer structure during the interview. The following aspects
are addressed during the interview: the role of the team member (the interviewee) within the project,
the development process of the product according to the team member, the description of the usability
problem, the cause(s) of each usability problem, the decision that led to the cause, and the ground on
which the decision was made. The usability problems are described and presented to the interviewee
on cards. So each time the usability problem is explained in the same way. Each interview is recorded
and processed into transcripts for further analysis.

4) Processing and analysing the interviews

Subsequently, to categorise the results of the interviews into a categorisation of usability problems to
the types of uncertainty several steps need to be taken. Per interviewee each interview is processed
into a transcript. The transcript is coded by the aspects usability problems, causes, decisions, and
ground on which the decision is taken. The results from the coding are presented per team member in
a block-diagram. The blocks represent the usability problem, its cause, the underlying decision, and its
ground on which the decision is taken, all according to the interviewee. These block-diagrams with the
results per interviewee are transformed to block-diagrams per usability problem. In these block-
diagrams the results still can be traced back to the interviewee.



The last step before a categorisation can be made a small interpretation based on the retrieved data is
necessary. In the specific usability problem block-diagram two blocks are added by the interviewer.
The block ‘lacking’ describes which information was lacking in the decision process in hindsight. The
block ‘awareness’ indicates, whether the decision-makers were aware of the lacking information.
These final block-diagrams are verified with two involved company team members.

An example of an empty block-diagram per usability problem is presented in Figure 4. The problem is
presented in a rounded corner rectangle, the cause in a rectangle, the decision is presented in a
hexagon, the ground and lacking in rectangles and the awareness is presented in a circle. The number
in the blocks refer to the interviewees, bold numbers indicate which interviewee made the mentioned
statement.

Usability Problem Cause : . ;
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Figure 4: Example block-diagram per usability problem

5) Categorising usability problems to uncertainty types

The last two blocks of the block-diagram are needed to define the type of uncertainty in order to relate
the usability problems to these types. The block ‘lacking’ defines the degree of uncertainty while the
block ‘awareness’ indicates whether the decision makers were aware of this lacking information at the
moment of decision-making.

3.2 Study 2 — Results and Conclusions
The selected case involves a consumer electronics product from a world leading company, first
introduced on the global market in 2008. This product was selected for its newness to the market,
since at the time of the case study was conducted, the product had been commercially available
worldwide for only 18 months. The company which developed the product aims to develop usable
products, yet in spite of this aim, users still experience usability problems with the product.
The list of usability problems is based on:

- Internet statements (84 negative, out of a total of 255 collected statements)

- Results of two different use tests

- Call centre feedback

Within the case study, 14 usability problems were analysed using information gathered in 14
interviews of about 90 minutes each. These were conducted with core team members of the product
development team, including a product architect, product designer, product leader, and usability
engineer. The interviews resulted in 14 transcripts and a block-diagram per usability problem. Some
examples of descriptions of usability problems included: “the user does not know which button is for
which functionality” and “it is difficult for the user to confirm the settings”.

The interview data was interpreted and verified, following which a list was created, detailing all 14
usability problems and whether the developers were aware of the lacking information at the moment
of decision-making. The data from the interviews shows how usability problems result from
uncertainty during decision-making in the PDP.

Some usability problems and the situations in which the developers made decisions are described to
illustrate how usability problems resulted from different types of uncertainty. The first example
illustrates a problem that resulted from the uncertainty type ‘aware’. The user does not have enough



time to establish settings because the interface automatically returns to the main menu after a few
seconds of no input. At the moment of decision-making the developers were aware of this usability
problem. They also realised the opposite usability problem, that users would have to wait too long
before returning to the main menu. The decision was made between the alternatives of adding a return
button or automatic return. So in this situation the decision-makers made a conscious choice between
the alternatives knowing the usability consequences.

The second example demonstrates a usability problem resulting from the uncertainty type ‘unaware’.
The usability problem was discovered after market introduction. The users were calling because they
were not sure if the volume was turned off as the volume level was indicated from 0 to 3. This
usability problem was not foreseen; developers were not aware of it at the moment of decision-
making. Fortunately the problem could easily be solved with a running change: changing ‘0’ into
‘OFF’.

A third example illustrates another usability problem resulting from the uncertainty type ‘unaware’.
When performing a verification test on the first complete prototype it was discovered that users were
not sure which button was linked to which functionality. The cause for this problem was that the
display and buttons were on different sides of the product. At the moment of decision-making
developers did not realise that this would be a problem for the user as many other products have the
same positioning of buttons and display. By the time they realised this would be a problem, it was not
possible to make the necessary changes to solve it. In this example the usability test was initiated by a
very low degree of ‘aware’ uncertainty which led developers to verify the design and ultimately
discover the unforeseen usability problems.

The results of this case study are that seven of the 14 usability problems can be categorised according
to the uncertainty type ‘unaware’ and the other seven according to the type ‘aware’. The seven
usability problems that are categorised as ‘unaware’ can be traced back to situations in which the
decision-maker was not aware of the lacking information and the potential consequences for product
usability. Most of the usability problems resulting from ‘unaware’ were discovered before market
introduction, but the project progress limited the possibilities of changing the design to eliminate the
usability problem.

The seven usability problems that are categorised as ‘aware’ can be traced back to situations in which
the decision-makers were perfectly conscious of the possible usability consequences of the specific
decision — a conscious decision. In these situations compromises were made to the disadvantage of
usability, either because other aspects were considered more important or because they felt that
alternative solutions would be even worse for usability.

It can be concluded that usability techniques are used to discover unforeseen usability problems but
that they are not initially used to address ‘unaware’ uncertainty.

4 DISCUSSION AND CONCLUSIONS

To answer the research question of this paper we compared the outcomes of Studies 1 and 2 to explore
whether there was a match or mismatch between the type of uncertainty that existing usability
techniques address and the type of uncertainty that can result in usability problems. Although Studies
1 and 2 were partly conducted with different professionals some of the results can be compared. The
results from Study 1 show that the usability techniques mostly address the type ‘aware’. The results
from Study 2 show that the type of uncertainty that can result in usability problems is both ‘aware’ and
‘Unaware’.

At first glance could be concluded that there is a mismatch for both types of uncertainty as usability
problems evenly result from these types. However, a closer look at the usability problems of the type
‘aware’ shows that these problems resulted from conscious choice. In some situations, the decision
maker was perfectly aware of the possible consequences but considered these less serious than the
consequences of other solutions. In other situations the decision-maker was aware of the possible
consequences but considered other aspects more important. These results suggest that usability
techniques addressing the type ‘aware’ are adequate as there are no unexpected usability problems
resulting from this type of uncertainty. This suggests that there are no new usability techniques
necessary that address ‘aware’ uncertainty. However, since the usability techniques mentioned in



Study 1 were not necessarily the usability techniques that were used in the project described in Study
2, further analysis of the project in Study 2 is therefore required before a final conclusion can be made.
For the type ‘unaware’ a mismatch could be the case. There are hardly any usability techniques
addressing this uncertainty type even though usability problems do result from ‘unaware’. The results
of Study 2 clearly show that usability problems result from situations in which the decision maker is
unaware of the lack of information. However, the results of Study 1 are less clear. Almost no usability
techniques are categorised to address the type ‘unaware’ but what is the reason for this? Are there no
usability techniques that address ‘unaware’? Or has the decision-maker no knowledge about this type
of uncertainty and therefore is unable to use any technique to address this type of uncertainty? The
described usability problems and decision-making situations in 3.2 suggest that usability techniques
are adequate in discovering unforeseen usability problems but that they are initially not intended to
address ‘unaware’ uncertainty.

This possible mismatch indicates an interesting direction for further research — namely, how can
usability unawareness in the decision-making process be addressed to ensure that decision-makers
become aware (on time) within the PDP.

With these results the question in the title is partly answered. Although product developers of
tomorrow’s innovative products will encounter unawareness [24] the existing usability technigues can
probably not prevent tomorrow’s usability problems, since there are no usability techniques used by
professionals that address ‘unawareness’.

The uncertainty type ‘unaware’ needs a further exploration to whether various types of unawareness
exist in development processes. Probably a different approach is needed to address ‘unaware’ than that
of applying usability techniques to retrieve usability information. Creating awareness in uncertain
situations is not done simply by applying one of the existing usability techniques. Inspiration for
solutions can probably be found within a broader academic perspective and within other research
areas, for example, creating awareness by learning [24], [25] or coping with uncertainty [4], [26], [27].
The focus of future research will therefore be on how to support the product developer in usability
decision-making, in situations in which he is unaware.
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